School and later the Dover County School for Girls and Boys, respectively. Horace's wages on the Southern Railway were modest; Jane took in holiday lodgers and she knitted garments for sale to augment the family income, sufficient to pay Jean's school fees. Fortunately Jim won a scholarship to the Boys' School (now Dover Grammar School for Boys), which he attended from September 1932 to August 1940.
Jim did very well at school, not only academically but also at sport and other school activities. He played rugby in the school's first XV and took part in other sports, the cadet corps, the choir and the debating and dramatic societies. He won many prizes, not only in science but also in music, and attained the rank of sergeant in the cadet corps. By September 1939 he was Head Prefect. In June 1940 the school was evacuated to Ebbw Vale, where Jim joined the Local Defence Volunteers (later the Home Guard) and helped to check identity cards at road blocks. On one occasion, when on guard duty, he challenged the Mayor of Ebbw Vale, as he drove up in a large car. 'I am the Mayor of this town', was the assertion. 'I am Jim Menter, Head Boy of Dover County School for Boys', was the reply, 'and can I now see your identity card, please.' This story became history in the school.
Jim was taught physics by Mr W. E. Pearce, the Senior Physics Master, who had great influence in stimulating an interest in science among boys at the school. He was a most inspiring teacher who made physics interesting. He had written several books on and relevant to school physics and was always developing simple devices to illustrate physical principles. Jim acknowledged his debt to Mr Pearce in 1971 when he was President of the Old Pharosians (the Old Boys Society), and proposed to the Headmaster that a Science Project Fund should be established in memory of the late W. E. Pearce. He lauded the school's emphasis on extracurricular activities, whether in the laboratory, on stage or at the cadet camp, which played an important part in his school life.
THE CAMBRIDGE UNDERGRADUATE PERIOD, WAR SERVICE AND MARRIAGE
Jim had won a State Scholarship and also an Open Scholarship to Peterhouse in Cambridge. He went up to Cambridge in October 1940 to read Natural Sciences. His undergraduate studies were disrupted in 1942 when he was recruited to work as an Experimental Officer at HM AntiSubmarine Experimental Establishment at Fairlie in Ayrshire on the development of various asdic devices. He assisted in sea trials of experimental equipment on destroyers on voyages to the Atlantic and Mediterranean.
He returned to Cambridge in 1945 to take Part II Physics and then joined the Research Laboratory on the Physics and Chemistry of Rubbing Solids (Director F. P. Bowden; FRS 1948) in the Department of Physical Chemistry in Cambridge to perform research towards the degree of PhD. His research supervisor was David Tabor (FRS 1963) .
At this time his wife-to-be, Jean Whyte-Smith, was a student at Cambridge. They met and married in 1947. Their first child, Ian, was born in 1949, on the day that Jim Menter handed in his PhD thesis. Their second son, Will, and their daughter, Frances, arrived over two-yearly intervals. All three children were his pride and joy, as were his nine grandchildren and five great-grandchildren. Theirs was a wonderfully happy marriage, which lasted 59 years, up to his death. Jean provided him with constant support in all his different endeavours. He was very proud of his family, as he was of his parents who had done so much to enable their children to achieve a good education.
RESEARCH IN CAMBRIDGE
The subject of his research as a PhD student and the title of his thesis were 'Orientation of fatty acid and soap films on metals'. In an important paper with David Tabor (2), Menter reported the results of an extensive reflection electron diffraction study of the structure and orientation of fatty acid films and soap films adsorbed on metal surfaces. Although there had been previous studies of this type, Menter's experiments covered a wider range of materials, used improved techniques and concentrated on the structure of the first monolayer. It was found that at room temperature the first layer (adsorbed either from the melt or formed by rubbing) is generally oriented with the hydrocarbon chains normal to the surface, although other orienta tions could be obtained by rubbing the surface. As the temperature is raised, the chains misorient as a result of thermal vibrations, until at a characteristic transition temperature only the diffraction pattern from the substrate is obtained. On cooling, the chains again become oriented. For non-reactive substrates such as platinum, the disorientation temperature is close to the bulk melting point of the fatty acid. For reactive substrates such as zinc and cadmium the disorientation occurs at a higher temperature, close to the bulk melting point of the appropriate metallic soap, suggesting the formation of the soap by chemical bonding. The authors compared their results with experiments on the boundary lubricating properties of the same fatty acids and soaps. Friction is low at room temperature, the sliding is smooth and surface damage is small. However, above a characteristic transition temperature, the friction and surface damage increase, and sliding becomes irregular. As with the disorientation temperature, the effect is reversible on cooling. Although exact agreement could not be expected, the friction transition temperatures found agreed reasonably well with the disorientation temperatures found by electron diffraction. The results provided support for the view that effective boundary lubrication is obtained when there is strong lateral adhesion between the lubricant molecules.
After obtaining his PhD in 1949, Menter performed postdoctoral research in Bowden's laboratory until 1954. He applied various techniques of electron diffraction and microscopy to study several problems in collaboration with others, including the inhibition of the corrosion of iron by solutions of sodium hydroxide and other compounds (with J. E. O. Mayne and M. J. Pryor), and the quench-ageing of iron (with J. Nutting and A. L. Tsou). For the corrosion researches (1, 6, 7) Menter performed electron diffraction and microscopy studies of stripped surface films using mostly the then relatively new Metropolitan-Vickers EM3 electron microscope, which could be used to give images and diffraction patterns by transmission of the same areas (down to about 2 µm diameter). For the work on quench-ageing of iron (3) he used a Finch camera for reflection electron diffraction patterns obtained at small angles of incidence (about 1°), the patterns arising by transmission through surface asperities.
Menter realized that the conventional microscopic examination of surfaces by the replica method imposed severe limitations on the use of the transmission electron microscope for the examination of solid surfaces. Following previous work by others such as von Borries (1940) , Menter decided to develop electron microscopy by reflection from solid surfaces (4). He modified a Metropolitan-Vickers EM3 microscope for that purpose, by tilting the incident beam by a few degrees and providing a variable tilt (θ) of the specimen relative to the optic axis of the microscope. He investigated the dependence of the contrast on θ and applied the technique to several different specimens. With M. Seal he studied the surface features of polished diamonds and found evidence for crystallographic slip (5). Another important application was the study (with J. A. Chapman) of the shape, surface structure and frictional wear of fibres, which revealed features not readily obtainable in other ways (8) . The resolution of the natural and synthetic fibre images was found to be about 100 nm. Damage to the fibres by the electron beam could be avoided by working at low beam currents.
His electron microscopy studies of surfaces during his Cambridge period were recognized by the Beilby Award in 1954, given jointly by the Institute of Metals and the Royal Institute of Chemistry 'for work on surface phenomena, with special reference to the application of electron optical techniques to the elucidation of a wide range of problems'.
Toward the end of his Cambridge period, Menter also collaborated with P. B. (now Sir Peter) Hirsch (FRS 1963) and A. Kelly (FRS 1973 ) (of the Cavendish Laboratory) in a joint study of the structure of beaten gold foil by transmission electron diffraction and microscopy. The study followed earlier work by the Cavendish group in which an X-ray microbeam technique had been used with sufficiently fine beams to obtain 'spotty' diffraction rings (in back reflection) from deformed polycrystalline metals, and the particle size had been deduced from the number of spots on a ring (see Gay et al. 1954) . In beaten gold foil the rings were not quite resolved into spots with the finest beams available (about 8 µm in diameter), suggesting a particle size of about 200 nm (see Kelly 1953) . By using electron beams in an electron microscope, parallel beams of smaller diameter could be used to obtain diffraction patterns in transmission through the thin foils, and the results could be correlated with electron microscope images. In the event, spotty rings were obtained, confirming the order-of-magnitude Figure 1 . Transmission electron microscopy micrograph of beaten gold foil, taken by Menter in an AE1 EM3 electron microscope at 72 kV. This micrograph shows bands of contrast that were thought to arise from the phase change in the diffracted electron beams at stacking faults (see (10) (9) . The paper contained no micrographs. The text made it clear that a subsequent paper would deal with these and correlate them with the diffraction patterns. In the event no second paper was ever written. Some micrographs were in fact published in a conference paper in 1954 (10) . Figure 1 shows one of the micrographs published in that paper. The image shows bands of contrast, some as thin as a few hundred nanometres, parallel to the intersection of a (111) plane with the (001) plane of the foil. It was these micrographs, taken by Menter, that led P. B. Hirsch to the idea of diff raction contrast from stacking faults due to the phase change in the diffracted beams arising from the relative displacements of the crystal across the stacking fault, and hence to a possible method of seeing dissociated dislocations directly by transmission electron microscopy. Two years later, direct observations of dislocations by diffraction contrast became a reality, and although paper II on beaten gold foil was never written, the theory of diffraction contrast from stacking faults and supporting experiments were published by M. J. Whelan (FRS 1976) and Hirsch in Philosophical Magazine (Whelan & Hirsch 1957a, b) . The micrographs taken by Menter were of crucial importance in stimulating these developments. Jim Menter himself, however, pursued a different route to image dislocations by transmission electron microscopy, which is described in the next section.
TUBE INVESTMENTS RESEARCH LABORATORIES: HINXTON HALL, 1954-76
Tube Investments Research Laboratories (TIRL) started up in 1954, and Menter was one of the very first scientists to join the staff. He was given the task of setting up a group to investigate the microstructure of materials, with emphasis on electron microscopy. In 1954 he attended the International Conference on electron microscopy in London, where he saw demonstrated the Siemens Elmiskop 1, which was, at that time, a new and most advanced electron microscope in terms of performance, with a stated resolution of 1 nm. He was so impressed that he was able to persuade Tube Investments (TI) to purchase one. This arrived in 1955 and was the first in the UK to be purchased commercially. One was also delivered to V. E. Cosslett (FRS 1972) in the Cavendish Laboratory in Cambridge under a special arrangement to allow it to be assessed. Once the TIRL instrument had been fully installed, Menter decided to explore the much improved resolution performance by trying to resolve the spacing of planes in a crystalline material. He chose to use the compound phthalocyanine because it has widely spaced planes (about 1.2 nm), and there was an established method for preparing sufficiently thin flakes to allow transmission of the electrons through them. He was also concerned to be able to obtain sufficient contrast in an image, so he decided to use the compound platinum phthalocyanine on the basis that the relatively heavy electron scattering by the platinum atoms would show up against the surrounding lighter atoms. He was delighted that he was quite quickly able to resolve planes of platinum atoms and produce the very first lattice image (figure 2). This was achieved in 1955, just a few weeks after delivery of the microscope. Subsequently he was able to obtain lattice images from pure phthalocyanine, although they were of lower contrast.
As the pioneer in the technique, he considered the conditions for forming lattice images and he published a classic paper containing resulting micrographs of both platinum and copper phthalocyanines and explaining all of the requirements and limitations (11) . He demonstrated that the prime requirement is using the incident electron beam together with a Bragg reflection from the set of crystal planes to be imaged. In this situation, because of the small value of the Bragg angle, these planes are very closely parallel to the incident electron beam, and the lattice image can be considered as their projection on to the image plane. The technique involves using an objective aperture in the microscope to limit which beams contribute to the image. He was able to show how the size of this aperture relates to the minimum lattice spacing of any image formed: the smaller the aperture, the larger is the minimum. By means of the reciprocal lattice construction for a thin crystal he deduced the extent to which deviation of the incident electron beam from the exact Bragg angle would still allow formation of the lattice image, and confirmed this by experimental observation. If diffracted beams from two or more sets of planes are included, a two-dimensional image would be formed, although he was not able to demonstrate this from his observations. He pointed out that, as a result of spherical aberration of the image-forming lens, one could expect to obtain only a first approximation to the image of the crystal planes.
An important observation of his was the visibility of dislocations in some of the lattice images. The possibility of doing this was one of the important motives for the experiments, because of the need to obtain direct evidence of imperfections in crystalline materials that were known to have important effects on the mechanical properties of materials. Figure 3 shows the very first example of this, with an extra half plane terminating at the position of an edge dislocation. With the further improved resolution in more modern electron microscopes, the technique has become well established as a means of revealing the crystalline structure of a wide range of materials. The existing resolution limit is about 0.1 nm.
Menter's small group at TIRL continued with electron microscopy, and together with his colleagues he made several advances. He was keen to obtain lattice images with spacings smaller than the 1.2 nm of platinum phthalocyanine, and he and G. A. Bassett succeeded with molybdenum trioxide with a spacing of 0.69 nm (12) . Specimens were prepared by suspending very small crystals in alcohol for deposition on electron-stabilized nitrocellulose support films containing many holes. A group meeting was held to consider possibilities for using crystals with even smaller spacings. It emerged from the discussion that overlapping crystals would produce diffracted beams close to the incident electron beam by double diffraction from the overlapping crystals. These would pass through the objective aperture and so contribute to the image formation. Fringes from fortuitously overlapping crystals had been shown at the above London conference (Dowell et al. 1956 ) and interpreted as moiré patterns. A method for producing thin continuous single-crystal films of gold had already been developed in the group by D. W. Pashley (FRS 1968) , and layers of other metals could be grown on these by epitaxial deposition. Specimens were soon prepared by depositing palladium, copper and other metals on the gold films, and Pashley, Menter and Bassett immediately produced moiré fringes (13) . Their spacing could easily be calculated from the orientation and lattice constants of the overlapping crystals. The smallest observed fringe spacing was 0.58 nm with nickel deposited on gold. It was confirmed that by including diffracted beams from two or more crystal planes, two-dimensional images were formed. The images were of great interest because they revealed the presence of dislocations (see figure 4 ). These could be in either of the two overlapping films, as given by the detailed interpretation of the images (14) . Although metal crystals in general have structures with periodic spacings significantly less than those that could be resolved at that time, the use of two overlapping thin films of metals produces a periodic image of larger spacing. It was shown (14) that a dislocation in one of the layers would result in one or more terminating fringes in the moiré pattern. The condition for this to occur is that the Burgers vector of the dislocation should have a component perpendicular to the planes being imaged. Although the appearance of the extra fringe or fringes seems to indicate an edge dislocation, this is not necessarily so, because a screw dislocation would give such an image if this Burgers vector condition were satisfied. Thus the use of moiré fringe patterns allowed lattice images of imperfections in crystals to be obtained when the resolution limit of the electron microscope was too large for forming direct lattice images of the individual crystals. In effect, the moiré pattern appears as a magnified image of the lattice image of the layer containing the dislocation. In this way, imperfections in the crystal lattice of one of the metal films could be viewed at the higher magnification, revealing directly for the first time the lattice distortions associated with the common type of imperfection known as a dislocation. By viewing the dislocation with different reflections operating, the Burgers vector of the dislocation could be determined. These images confirmed by direct observation what had been widely understood from theoretical considerations.
Menter was keen to maintain good contact with Cambridge University research, and in 1957 he learned that the Cavendish Laboratory had developed a technique for imaging the chemical composition over an area in the surface of a specimen. He encouraged D. A. Melford, a metallurgist member of staff, to explore the potential of the technique. Melford had been examining a polished and etched section of a steel billet that had cracked during punch-piercing at high temperature. He had observed regions 40-50 µm across that had not responded to the etch, and he wished to identify the chemical composition of these regions. The new technique seemed to offer a real possibility that this could be achieved. P. Duncumb (FRS 1977) had developed the technique as a research student, and it involved an electron optical column from an old electron microscope to provide a focused electron beam incident on the specimen. The backscattered electrons and the X-rays emitted were passed into detec- The spacings of the (220) lattice planes are 3.5 nm (14) .
tors. The X-rays were first passed through a specially designed spectrometer to allow a particular wavelength to be identified. The important innovation was to provide deflection coils that allowed the electron beam to be scanned over the surface, so that a map of the distribution of a particular element, as characterized by the wavelength of the emitted X-rays, could be produced. Duncumb agreed to examine Melford's specimen, and very quickly he revealed maps of the distribution of copper and nickel in the steel. Menter was highly impressed with the result, and concluded that TIRL should have such an instrument. It would require the equipment to be built because nothing appropriate was available commercially. He gained approval from TI for resources to be made available for this purpose.
Melford set about designing the instrument, which he did in collaboration with Duncumb. The TIRL workshops were very well equipped to carry out the construction of the instrument, and Melford ensured that his overall design was well suited to the needs of a metallurgist. Menter took overall responsibility for the project and was closely involved in many of the decisions that had to be made. A successful instrument was constructed in 1958 after intensive work by those involved; the performance was impressive, providing the opportunity for information on the distribution of a range of chemical elements to be determined on a very fine scale. The instrument became known as an electron probe microanalyser (EPMA), and it immediately excited interest by others. Many visitors to TIRL were highly impressed by the instrument and indicated that they ought to have the facility, with the result that requests for such equipment started coming in. Neither TIRL nor the Cavendish Laboratory was in a position to meet this demand, and it was eventually arranged that the then Cambridge Instrument Company would manufacture the EPMA, as they were looking for a new high-technology project. Menter played a key role in bringing this about. The instrument was called a Microscan. This was another example of the value of the active collaboration between TIRL and Cambridge that he had fostered so strongly.
Once the instrument was in regular operation, TIRL was able to derive great benefit from its use, especially in relation to manufacturing problems of steel-making and steel tubemaking (see Melford & Duncumb 1958 , 1960 . In 1959 Duncumb joined the staff of TIRL, and he set about extending the technique by designing a combined electron microscope and microanalyser (EMMA).
In 1961 Menter was appointed as the director in charge of TIRL. He continued to take considerable interest in the work of his previous group and the other activities in which he had participated, but he now had to become involved in other activities in the laboratory. Major activities of the laboratory at that time were concerned with the steel-making and steel tube-making companies of the TI Group. He had not previously had any experience with the metallurgy of these processes, but he set to and familiarized himself with many of the aspects and was soon giving valued help and advice to the companies. The extent to which he was successful in immersing himself in wider metallurgical issues may be judged from the fact that the Institute of Metals later made their premier award of the Bessemer Gold Medal to him in 1973 and elected him their president in 1976-77.
In the early 1960s TI set up a pilot plant in the Round Oak Steel Works for the continuous casting of round-section steel blooms, with the prime purpose of developing the continuous casting process for the manufacture of tube steels. This seemed to offer tube-making advantages over the use of square-section blooms. Menter became heavily involved in the investigations (15, 16) . Extensive and detailed studies were performed with low-carbon tube steels for seamless tube-making, which is more demanding than many other shaping processes.
Three years of intensive studies resulted in considerable improvement in the quality of the steel tubes produced over those produced with bought-in continuous cast steel about 10 years earlier. Menter's clear understanding of the relationship between technological development work, especially extensive and costly work, and decisions on commercial investment were illustrated by his support for the outcome of this major investigation. Although the technological consequence of proceeding with the building of an appropriate production plant seemed excellent, the decision was made that a substantial modernization programme at Round Oak Steel works could not include the installation of a continuous casting plant for round-section blooms. A completely new plant for the continuous casting of rectangular blooms was to be built instead.
In 1966 Menter was elected a Fellow of the Royal Society for his distinguished scientific achievements. His influence within TI was growing, and in 1968 he relinquished his position as director of TIRL and concentrated on his membership of the main TI Board. However, he continued to take an active and strong interest in TIRL as the Director of Research for TI, and the new director of TIRL, D. W. Pashley, reported directly to him. Under Menter's guidance the laboratory had established a high scientific reputation but it had not succeeded in finding ways to give active research support to many other parts of the group. These included the cycle manufacturers Raleigh, a collection of domestic appliance companies including Creda, British Aluminium (51% owned) and a number of more general engineering companies. Menter set TIRL the task of having discussions with these companies and identifying areas for providing both short-term and long-term support. This followed a major change in the financing of the work of the laboratory, from full funding by the TI Group to a system requiring individual companies to fund some of the work carried out on their behalf. There were three charging categories: (i) exploratory programmes, fully funded by the TI Group, (ii) projects in support of particular business areas, partly funded by the group, and (iii) troubleshooting of problems in companies, without funding by the group. Steady progress was made with this approach, and within a few years many companies were receiving valued support from TIRL.
Menter's standing within TI continued to grow and he was made one of a small group of directors acting as an Executive Committee for the company.
In the late 1960s TIRL performed some research on the superplasticity of aluminium alloys. Initial work was with the eutectic alloy containing 33 wt% copper. This alloy was unlikely to be of commercial interest and Menter established in discussion with British Aluminium, a partly owned TI subsidiary company, that an alloy would have to contain at least 90% aluminium for them to take any commercial interest. As a result, M. J. Stowell (FRS 1984) and B. M. Watts at TIRL developed an alloy with just 6 wt% copper, this being the highest level in a wrought commercial alloy. It was known that zirconium acts as a good grain refiner, so this was added because a fine grain was one requirement for superplastic behaviour. Experiments revealed that supersaturation of the alloy with zirconium resulted, after appropriate heat treatment, in the formation of second-phase particles that inhibited grain growth. This yielded a superplastic aluminium alloy (Al containing 6 wt% Cu and 0.5 wt% Zr) giving elongations of up to 800%. Menter persuaded British Aluminium to begin trials of the manufacture of sheets of the alloy. Equipment for producing superplastically formed components from this sheet was designed and built at TIRL, and use of this allowed the forming process, a type of blowmoulding technique, to be developed. Menter judged that the process had industrial potential and was able to persuade TI and British Aluminium to agree to the setting up of a company to manufacture products from the alloy. The company was known as Superform. TIRL built the forming machines for Superform and continued to give research support. Although the company soon became successful in manufacturing and selling products, it was inevitably slow in obtaining enough orders to cover its costs because the products were rather specialized and the process is not appropriate for producing large numbers of the same item. It took several years before Superform broke even, and its continued existence until this happened relied heavily on Menter's strong support and influence. This he gave because he judged that the company did have a worthwhile commercial future. After some years the company became quite profitable and there is now also an offshoot company, Superform USA, which is doing well.
QUEEN MARY COLLEGE, 1976-86
When Jim Menter was invited to become Principal of Queen Mary College (QMC), it coincided with his desire for a new challenge. He recognized the college's potential and felt that he could develop it from a small institution in the East End into a large and significant player in the academic world. So he accepted and took up the post in 1976. He became totally committed to the college and took pride in its history as the People's Palace and its roots in the working men's educational movement. He persuaded the college to replace the Principal's residence in St John's Wood by one found by the Menters much closer to the college, a splendid old building overlooking the Thames at Wapping pierhead. There Jim and Jean entertained staff, students and spouses regularly, as a means of getting to know them and making them feel welcome. This ensured that the college was a very happy environment in which to work. They took a great interest not only in the academic life but also in the social life of the college and attended many functions ranging from inaugural lectures and fellowship ceremonies to concerts and plays put on by both staff and students. In the law faculty they did not miss a single final of the mooting competitions run annually for the law students.
Menter was much respected in the college for his evident integrity and straightforwardness, which won him wide support in management decisions. He was acknowledged by both administrative and academic staff as a leader who showed tact in handling their concerns. He took personal interest in, and was very supportive of, the career advancement of his staff.
His time of office coincided with a period of diminishing resources, turbulence and change in universities in general, and the University of London in particular. But this did not deter him from pursuing his vision of expansion and advancement for the college in a wide range of academic activities, while maintaining high quality. He ensured that the college's research base was strengthened and the links with industry improved. He encouraged the introduction of the four-year MEng course in 1979, which involved industrial sponsorship and project work in industry. This was in line with the recommendations of the Finniston Committee of Inquiry into the Engineering Profession, of which he was a member (1977-79). The grant to the college from the University Grants Committee (UGC) was much reduced during the 1979-82 period, and the college lost a sizeable part of its income after the introduction of high fees for overseas students, because QMC had one of the highest proportions of overseas undergraduate students among British universities. He encouraged the recruitment of students from 'richer' countries to redress the balance, and QMC became a leader in this area.
He encouraged an entrepreneurial approach and the taking of controlled risks. Among the ventures to which he gave his strong support was the establishment in 1980 of the Centre for Commercial Law Studies as a largely self-financing department within the Faculty of Law. Menter also strongly supported the development of computing facilities in the college and the establishment of Computer Science as an academic discipline. The college was the first in the university to provide a degree course in which computer science was the major field of study. The Centre for Information Technology was instituted in 1983 to synthesize developments in modern computer hardware, software and communication systems and to promote the interests of many departments in this area.
He was a great enthusiast for the merger between QMC and the oldest medical college in the university (The London (later Royal London) Hospital's Medical College) and the medical college of the oldest hospital (St Bartholomew's Hospital Medical College), because it would bring a new integrated approach to medical education, in which students received their basic medical science education in an environment bringing all the advantages of a full multi-faculty institution, yet it preserved the proud traditions and strengths of the two medical schools. Provided that agreement was reached between all parties, the UGC offered a grant of £7 million for a new preclinical school on the QMC site. He persevered patiently and with characteristic diplomatic skill to bring about this very difficult merger of the two big London medical schools (which had quite different cultural backgrounds) with QMC providing premedical science education to some 900 medical students. (The preclinical buildings were opened a few years after he retired.)
After the establishment in 1981 of the Universities Committee on Academic Organization, established to rationalize departments in British universities and save money, QMC emerged as one of the five sites in the university for the concentration of laboratory sciences, with its multi-faculty status confirmed. In 1982-83 the college entered into a formal association with Westfield College, and agreement was reached to transfer the Science Faculty from the Westfield site in Hampstead to the QMC site. Menter advocated and successfully managed this merger, which called for great sensitivity on the part of the two Principals involved. He had to fight hard both within the college and outside to gather support for the necessary changes and to secure the funds for bringing them about. Staff were also transferred from several London colleges, including Bedford, Chelsea and Queen Elizabeth.
With regard to the rationalization of engineering in London University, he acted with great foresight and astuteness. Four colleges had engineering faculties-Imperial College, University College, QMC and King's College-but the Flowers report recommended that there should only be three. Menter had anticipated this outcome and in 1981 had formed the first School of Engineering in London, a federation of the separate Departments of Aeronautical, Mechanical and Nuclear Engineering, and the Department of Materials. Initially civil and electrical engineering stayed outside the School. The School immediately achieved some benefits of scale by amalgamating the separate departmental workshops into a single entity. Some time later there was a discussion between Jim Menter and Stuart Sutherland at King's as to which college would offer Civil Engineering. Menter carried the day on the back of having a school in place that could accommodate an enlarged Civil Engineering Department. So King's Civil Engineering came to QMC, an event that gave QMC Engineering a huge boost. This was a direct result of Menter's exceptional vision and his ability to lead from the front.
Although showing no favours, Menter took a special interest in the research in the Department of Materials. He encouraged inter alia the work of Professor W. Bonfield (FRS 2003) on bone biomechanics and bone-replacement materials, quite unusual topics in a mat erials department at that time. However, he recognized the importance and potential of this work, which he saw as contributing to his vision of QMC as providing a distinctive scientific underpinning of medicine.
Another important development that he initiated, and fought for successfully, was a new library. Following an earlier agreement, part of the Jewish burial ground (in the midst of the QMC site) was cleared in 1977 to pave the way for a new library. Before Menter's retirement, the UGC authorized a grant of £4 million for the new library; Colin St John Wilson, the architect for the new British Library, was appointed as the architect for the building. Jean Menter cut the first sod, and the library was opened by Her Majesty The Queen during the 1988-89 session.
Jim Menter's last year in office coincided with the College's Centenary, and he commissioned the Musical Director, Alan Wilson, to write a musical to commemorate this milestone in the college's history. The musical 'A Palace of Delights', which was based on the romantic novel All sorts and conditions of men by Walter Besant, was symbolic of a life of growth and expansion, and although it looked back over the previous century it also looked forward to a future of both expansion and progress. It was performed by the college choir and orchestra and made a lasting impression on the audience.
As he had hoped, his legacy was to have developed QMC both physically and academically into the successful and internationally recognized institution that it is today. This he achieved by a combination of sheer hard work, wisdom and a gift for listening and for friendship. In recognition of his outstanding contribution, the college conferred on him a fellowship of the college when he retired in 1986. He continued to maintain a keen interest in the college's affairs and, with Jean, to offer warm hospitality at their home in Carie to former colleagues, inviting all who were game to do so, however incompetent they might be as anglers, to join him for a spot of fishing on Loch Rannoch.
ADVICE TO INDUSTRY, GOVERNMENT AND RESEARCH COUNCILS
Menter's experience and high reputation in university research and in industrial research and development, coupled with his sound judgement, made him a much sought-after adviser to industrial companies, and to the government. 
Science Research Council, 1967-72
At the time when Jim Menter joined the Science Research Council (SRC) in 1967, the Council, through its University Science and Technology (UST) Board (which was responsible for the whole of 'little' science and technology), was considering a proposal from a special panel of the Board to place three high-voltage electron microscopes, operating at 1 MeV, at Imperial College, Birmingham and Oxford universities to act as area facilities, mainly for research on materials. The microscopes were to be built by AEI to specifications drawn up by the potential customers (which included also the National Physical Laboratory and the Atomic Energy Research Establishment (AERE)), with the basic design following that of a 750 kV microscope that had been built previously at the Cavendish Laboratory by V. E. Cosslett and K. C. A. Smith. Jim Menter was familiar with the advantages of high-voltage electron microscopes and had been a member of a committee set up in 1959 to consider these for metallurgical work; the recommendations of this committee led to the construction of the 750 kV microscope at the Cavendish. The results from this instrument, and from others in Japan and France, showed significant improvements in penetration, useful in the study of materials, and this led to the above proposal considered by the UST Board. The capital cost of this programme, including a later decision to share the cost of a fourth microscope (at Rotherham, to be available to the universities of Leeds, Manchester and Sheffield) jointly with the British Steel Corporation, was £950 000, with annual running costs of £75 000. Jim Menter's support of this 'large science' type of programme, designed mainly for use by the materials research community, was crucial. He was keen to see more funds to be channelled to first-class programmes with technological applications.
BP, 1976-87
In 1976 when he became Principal of QMC, Jim Menter also joined the Board of BP as a nonexecutive director. He remained on the Board for more than 11 years.
Most of the directors did not have a technical background, and so his input, and that of Sir Alastair Pilkington FRS, were of great value to the Board. BP Research had its own research board, on which Menter played a key role in assessing both the realism of the projects proposed by the Research Department and their relevance to BP's needs. In this way he gave guidance to BP's research efforts. In the words of Sir John Cadogan FRS, 'he was a gate we had to pass'. He was far-sighted in his views on future science-based businesses, which often had a long lead time before becoming profitable. There is evidence that he was ahead of his time on 'green' issues. Thus during Cadogan's period as Chief Scientist at BP's Research Centre, and then as Director of Research, he strongly supported the proposed development of photovoltaics by BP Solar International, which at that time was a minnow in relation to the big business of oil, exploration and chemicals. Today BP Solar International is a large photo voltaic business and is profitable. Another project (in 1980) that he supported strongly was the proposed conversion of methane gas into clean diesel and gasoline economically. The time horizon here was about 25 years when the Alaska North Slope fields would be drying up, leaving vast amounts of inaccessible gas and an empty pipeline. The outcome was the operation of a gas-to-clean-liquids plant in Alaska in 2005. (Clean because in starting from pure methane there are no aromatics, tars, or sulphur.) Menter worried about energy consumption and CO 2 emissions and was a great supporter of the cradle-to-grave analysis of processes undertaken in BP Research. An example was Orimulsion, a fuel oil that was found to burn cleanly and did not require refinery intervention, thus avoiding the large energy input needed for regular fuel and oil production.
BP's research and development was transformed in the period from the late 1970s to the late 1980s to top-ranking status in the oil industry. This period coincided with Jim Menter's time on the Research Board, in which he advised on the direction of BP research. He deserves some of the credit for BP's impressive progress in R&D during this period.
Advisory Council for Applied Research and Development, 1976-79
After the Rothschild Report in 1972, important changes were made to the organization of the government's research and development. This included the strengthening of the provision of external advice at the departmental level. However, in contrast to the Advisory Board of the Research Council (ABRC), which covered the science budget of the Secretary of State for Education and Science, there was no equivalent forum of external advice at the centre to Ministers collectively in the field of applied R&D. The government therefore established in 1976 a new council, the Advisory Council for Applied Research and Development (ACARD), to advise Ministers on broad issues of applied R&D in the UK, and its deployment in the public and private sectors in accordance with national needs. The Council was chaired by the Lord Privy Seal (then Lord Peart), and Menter was made the first deputy chairman. The press release at the time stated, '[he] will bring to the Council a lifetime of experience in industrial Research and Development, combined with a direct and continuing involvement in the contribution to be made by the academic field'. His dual experience clearly fitted the requirements of this important post.
ACARD was an influential committee and produced reports, and Menter had a significant impact on the direction of its work. Thus, at its first meeting the Council accepted his suggestion to examine the impact of applied R&D on the international competitiveness of British manufacturing industry, and he set up and chaired a working party that identified several key questions to be addressed to improve its international competitiveness. He was very concerned about the decline of the UK share of world exports of manufactured goods. He emphasized the importance of R&D in helping to reverse this trend but recognized that, for applied science and technology to be effective, it needed to be fostered in a social and economic environment conducive to acceptance and encouragement of innovation and change, and within a political framework that provided continuity of policy to match the long lead times of industrial innovation.
In general, topics for discussion were introduced partly by the Cabinet Office and partly by ACARD members. Menter and John Ashcroft, the then Chief Scientist at the Cabinet Office, had much the same agenda, and collaborated easily and effectively.
PROFESSIONAL INSTITUTIONS
Jim Menter also took great interest in professional institutions. Unusually, and perhaps uniquely, he was President of the Institute of Physics (1970-72) and of the Metals Society (1976), the latter two years after its formation by the merger of the Institute of Metals and the Iron and Steel Institute. The fact that he was president of these two institutes illustrates the high esteem in which he was held by both the physics and metallurgy communities.
His Presidential Address to the Metals Society (5 May 1976), on 'Adventures in industrial science and technology' (17), was concerned with the role of the industrial scientist, engineer and technologist working within the constraints set by the objectives of the industrial organization to which they belong. He considered three types of involvement of scientists, engineers and technologists in achieving the objectives of any industrial enterprise:
(i) maintaining the efficiency and profitability of the existing assets of the business; (ii) developing improved methods of manufacture to replace worn-out or obsolete plant; and (iii) developing entirely new products or processes to expand the business.
He illustrated these different involvements by examples from his own experience at TI. This interesting and instructive paper is well worth reading today. This paper also sets out Menter's passionate belief in the importance to the livelihood of the country of the manufacturing industry and of the key role of the scientists, engineers and technologists within it, a theme that is also reflected in his ACARD studies.
In 1971 Menter was appointed a Vice President of the Royal Society, and after the death of the then Treasurer, Sir Frederick Bawden FRS, on 8 February 1972, he was appointed Treasurer on 18 May 1972. He held the post until 1976. He took up this appointment at a time when the General Purposes Account had been running at an annual deficit of £40 000 for several years, which had been covered by the 1967 Appeal Fund, but in 1972 the deficit was £100 000 and this almost exhausted the relief. Numerous steps were taken to bring income and expenditure more into line. Various increases in Parliamentary Grant-in-aid were negotiated with the Department of Education and Science and the ABRC, and the annual subscription of Fellows was raised. However, to provide a more complete and longer-term solution a new appeal for £1 million was launched in July 1974, which, in spite of the difficult times, had already raised £835 000 by the Anniversary Meeting in 1975. As Treasurer during this period, Menter deserves much credit for getting the Society's finances back onto a sound basis.
Menter also chaired a Royal Society -British Academy Joint Committee on Learned Societies that highlighted their financial problems in a report in August 1976. In his preface to the report he drew attention to the importance of publishing, accommodation and specialist libraries as particular areas of financial concern. As President of the Metals Society at the time he was of course fully aware of these problems, which led to the amalgamation of the Institute of Metals and the Iron and Steel Institute in 1974. It is interesting to note that the learned societies still face similar difficulties today.
Jim Menter also played a role in the management of the Royal Institution. He was a Manager in 1982-84, and a Vice President in 1983-85, during the period in which Sir George (later Lord) Porter FRS was Director. In 1984 the management structure was simplified and replaced by a council, and Menter was made its chairman (1984-85). Menter was a staunch supporter of the RI and of its efforts through its lecture programme to disseminate science to the wider public and to the young.
RETIREMENT
When Jim Menter retired in 1986, he and his wife Jean moved up to Rannoch in highland Perthshire, where they had already a much loved holiday home (Carie) on the shore of Loch Rannoch, which they had bought in 1971. They were warmly welcomed by the community there and participated in their activities. Jim much enjoyed fishing in the loch. He retained contact with science as an Honorary Fellow of the Royal Society of Edinburgh, which he much valued. He was a member of Court of the University of Stirling and Chairman of the Audit Committee, where his experience and wisdom were invaluable.
However, there was another new challenge. It began in Edinburgh when the Church of Scotland was selling the Newington East Church building. One of the windows commemorated Jean's grandfather, the Rev. William Whyte-Smith, who had been a minister there. Jim bought this window as well as another commemorating those who fell in World War I. Jim then built a gazebo at Carie to house the two windows. Its pentagonal structure was designed by their architect niece, Ann de Graft Johnson, and Jim built it with the aid of several local men. He got much pleasure from heaving large rocks around when building the foundations, and true to form was a stickler for accuracy when executing the building according to the plans. The gazebo (figure 5) was opened by Sir Anthony Wheeler in 1997, on the occasion of Jim and Jean's golden wedding celebration.
Jim and Jean were very happy there, and many of their friends from the Cambridge days, Hinxton and QMC visited them and enjoyed their generous hospitality. In 2001 they decided to downsize and moved to Aberfeldy.
EPILOGUE
Jim Menter had an illustrious career in scientific research, industry and university management. His personal qualities that made this success possible in such a wide range of endeavours were outstanding leadership ability together with intellectual integrity, professionalism and a sound sense of judgement. He had a razor-sharp mind, and applied scientific rigour, which he had acquired as a research scientist, to all the later parts of his career. He was held in great respect by his colleagues. He was a good listener, and when asked for advice would dig deep to obtain all relevant information to enable him to analyse the problem in depth before giving his reaction. To quote one of his colleagues at Hinxton Hall: 'The result was an opinion invariably wise, insightful and above all helpful. Delivered with his natural air of gravitas, it was also compelling.' He was gracious and dignified and had a quiet air of wisdom and authority. But he also had a dry and ever-present sense of humour, and was a charming and approachable colleague. He was without side in his personal style, and it was typical of the man that his retirement portrait at QMC, unlike those of his predecessors all in their magnificent robes, was of him wearing a comfortable sweater. His death in 2006 was a tragic blow not only to his wife Jean, who had supported him unstintingly and with great encouragement throughout his varied career, and to his three children, nine grandchildren and five great-grandchildren, but also to the many friends they had made during the different phases of his career.
on BP, Sir Peter Walters, Sir Robert Malpas, Sir Robin Nicholson FRS and James Bamberg (who is preparing a history of BP for the period 1980-2005) were very helpful in respect of Menter's impact at BP. We had access to some relevant information about Menter's contribution to ACARD from his own papers and received helpful comments from Sir John Ashworth.
Keith Moore, Head of the Royal Society's Library and Information Services, was very helpful in producing for us some relevant notes taken from the supplement to the Royal Society Record for the period when Menter was Treasurer of the Royal Society. Our account of Menter's contribution to the Royal Society draws heavily on these notes. Sir John Meurig Thomas FRS gave us helpful comments on Menter's involvement at the Royal Institution. The Rev. David G. Hamilton's personal recollections were very important for our section on Jim's retirement at Rannoch.
We are grateful to Jim's family for permission to publish a picture of the gazebo at Carie, and to his daughter Frances Menter for providing us with the relevant file.
The frontispiece photograph was taken in 1966 by Walter Bird and is reproduced with permission.
